Objective: The Kidney Disease Outcome Quality Initiative and Fistula First Breakthrough Initiative call for the indiscriminate creation of arteriovenous fistulas (AVFs) over arteriovenous grafts (AVGs) without providing patient-specific criteria for vascular access selection. Although the U.S. AVF rate has increased dramatically, several reports have found that this singular focus on increasing AVFs has resulted in increased AVF nonmaturation/early failure and a high prevalence of catheter dependence. The objective of this study was to determine the appropriateness of vascular access procedures in clinical scenarios constructed with combinations of relevant factors potentially influencing outcomes.
More than 400,000 patients in the United States with end-stage kidney disease (ESKD) were hemodialysis dependent in 2013. 1 The financial impact of ESKD and hemodialysis on the U.S. health care system is enormous. Medicare costs for ESKD were $30.9 billion in 2013 with an annual per-person expenditure of $84,550 in the hemodialysis population. 1 The Fistula First Breakthrough Initiative (FFBI) introduced by the Centers for Medicare and Medicaid Services in 2004 initially established a target of 40% arteriovenous fistula (AVF) utilization among the prevalent hemodialysis population and subsequently raised the target to 66%. 2 Since the implementation of the FFBI, the percentage of prevalent hemodialysis patients using an AVF has increased from 37.6% in 2004 to 62.5% in 2013. 1 Graft placement decreased significantly, and although still too high, total catheter rates decreased modestly, with catheters >90 days present in <10% of prevalent dialysis patients. 1 With this increase in prevalence of AVF, a debate has emerged regarding the role of arteriovenous grafts (AVGs) and the potential for further reduction in catheter exposure. 3 The FFBI itself recently clarified its message that "fistula first" does not mean "fistula only." 4 However, it remains unclear how to identify those patients in whom an AVF may not be appropriate.
Although clinical practice guidelines for the surgical placement and maintenance of arteriovenous hemodialysis access exist, they offer general recommendations that are often not actionable on an individual patient level. 5, 6 A multitude of patient characteristics may influence the outcome of a hemodialysis access procedure, including sex, race, age, comorbidities such as diabetes and hypertension, vascular anatomy, obesity, and socioeconomic issues. The results of the Hemodialysis Fistula Maturation study, a prospective National Institutes of Health-funded observational study of AVF maturation, will help elucidate factors that influence AVF maturation. 7 Nevertheless, the results will likely not be able to address difficult access decisions that must often be made in complicated hemodialysis access patients. Ideally, an evidence-based approach would be applied to each hemodialysis patient. However, the available evidence is based on populationlevel data rather than on patient-level data. Furthermore, the necessary individualized nature of hemodialysis vascular access selection and care renders classic study methods, such as randomized controlled trials and casecontrolled studies, for every possible clinical scenario not feasible.
In this situation, the RAND/UCLA Appropriateness Method (RAM) can be applied to determine appropriateness criteria for hemodialysis patients. The RAM was developed in the mid-1980s by the RAND Corporation and the University of California-Los Angeles as a tool to "measure the appropriateness of care." 8 In the RAM, an appropriate procedure is "one in which the expected health benefit exceeds the expected negative consequences by a sufficiently wide margin that the procedure is worth doing." 8 When the RAM is applied as described, it combines the best available scientific evidence with the collective judgment of experts to produce a statement that addresses appropriateness of a procedure at patient-specific levels, taking into account relevant factors that may influence outcome. The RAM has been extensively validated and used in numerous medical procedures, including coronary angiography, coronary artery bypass graft surgery, carotid endarterectomy, abdominal aortic aneurysm surgery, and bariatric surgery. [9] [10] [11] [12] [13] [14] The purpose of this study was to develop appropriateness criteria to help select the most appropriate type of hemodialysis vascular access creation for individual patients.
METHODS
The RAM starts with an extensive literature review and meta-analysis studying the risks and benefits of the procedure in question. A set of clinical scenarios for the procedure are then developed with specific definitions for any terms that could be ambiguous. The expert panel then rates all scenarios in two rounds. The ratings are analyzed using a validated mathematical formula designated by the RAM to determine appropriateness. All results are based on expert rating of hypothetical scenarios, with no involvement of actual patients or patient data.
Systematic review. A systematic review and metaanalysis of factors influencing hemodialysis vascular access outcomes were performed by the Mayo Clinic Knowledge and Evaluation Research Unit in conjunction with the principal investigators (D.C., K.W.). The results were distributed to the panelists for reference in conjunction with the scenarios so that the panelists could use the results in considering their ratings. 
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Recommendation:
The authors recommend that these data create a case for revising existing access guidelines to account for situations in which access grafts may be as appropriate as or more appropriate than autogenous fistulas.
The results of the systematic review and meta-analysis have been published under separate cover. 15 Panel selection. The panel was composed of 11 physicians (2 nephrologists, 1 transplant surgeon, and 8 vascular surgeons; Table I ). The panelists were selected on the basis of peer recommendations as dialysis vascular access experts who had clinical or research expertise in the construction and management of dialysis vascular access. In selecting panelists, we attempted to be inclusive of panelists from countries other than the United States as well as a range of medical specialties. Whereas panelists did not represent any professional organizations, they are leaders in the respective organizations in which they are involved. All invitees agreed to participate.
Scenarios. Based on the literature review, 3816 clinical scenarios for upper extremity AVF and AVG were developed to make the scenarios applicable to a majority of the hemodialysis population. The scenarios were developed by the primary investigators (K.W., D.C.) under advisement by an expert RAM investigator (M.M.G.). Every scenario included details of the patient's age, dialysis status, relevant vein diameter, and specific vascular access operation. The operations included radialcephalic fistula (n ¼ 504), forearm basilic vein transposition (n ¼ 504), forearm loop graft (n ¼ 864), brachialcephalic fistula (n ¼ 432), upper arm basilic vein transposition (n ¼ 432), brachial-brachial transposition (n ¼ 216), and upper arm graft (n ¼ 864; Table II) . Each scenario also included details about one of the following characteristics: sex, diabetes, coronary artery disease, body mass index, inflow artery diameter (for access based on a wrist artery only), or patient functional status. Each data point was defined in instructions sent to the panelists (Table II) . Of note, because the diameter cutoff in the literature for a vein that is more likely to result in a successful fistula is unclear, we did not attempt to define these numbers. Although we did use specific diameters in the scenarios, the panelists were instructed to regard these as "small, medium, and large," according to their own practices (Table II) . Similarly, although we used defined age categories (<60, 60-75, and >75 years) for ease of scenario writing, panelists were instructed to view the categories as "young, older, and elderly."
The factors chosen for the scenarios were determined from the literature review to be factors that had been previously studied by multiple investigators and therefore assumed to be factors widely considered to be associated with vascular access outcomes. Other factors that were originally considered for inclusion in scenarios were years on dialysis (dialysis vintage), history of failed accesses, history of hypotension with dialysis, history of access infections, and inflow artery calcification. However, the association of many of these factors with vascular access outcomes is poorly studied in the literature. Therefore, it was determined by the primary investigators that because of limited evidence and the recommendation by RAND that the upper limit of scenarios be 2000, some factors that were originally considered were not ultimately included in the scenarios.
Rating. All panelists rated every scenario twice. Ratings were performed in two rounds. In the first round, the rating sheets (Fig) were sent to the panelists together with instructions and a summary of the results of the literature review and meta-analysis. Panelists were instructed to rate the appropriateness level of each scenario on a 1-to 9-point scale (1, risks clearly exceed the benefits by a wide margin, suggesting that the indicator is very inappropriate; and 9, benefits clearly exceed the risks by a wide margin, suggesting that the indicator is very appropriate). A score of 5 means that the scenario is of uncertain or equivocal appropriateness. Panelists performed the ratings independently and returned the rating sheets. In the second round of rating, panelists convened in person during 1 day to discuss the scenarios. Two panelists were unable to attend and participated by conference call. During the second round of rating, each panelist was supplied with a new set of rating sheets that included information on (1) what his or her first round rating was for each scenario and (2) the distribution of ratings derived from all of the panelists for each scenario. The scenarios were discussed for clarification and the panelists re-rated each scenario after the discussion. The goals of the second meeting were (1) to ensure that the expert panelists all had the same understanding of each clinical scenario and (2) to allow discussion of the clinical decision-making process surrounding each scenario. In accordance with the RAM, there was no effort to reach a panel consensus. During the second round of rating, the RAM allows the panelists to create additional scenarios as they see fit. The panelists did not recommend addition of scenarios but did request elimination of some scenarios, which were not included in the final results presented here.
Clinical situations. To simulate the surgeon's or clinician's decision-making, scenarios were combined to create situations with the same patient characteristics and both AVF and AVG options for vascular access. For example, one clinical situation is, "In a male patient who is age >75 years, is dialysis dependent, and has a >2.4-mm cephalic vein throughout the upper extremity, how appropriate is it to perform a radial-cephalic fistula, a forearm loop graft, a brachial cephalic fistula, or an upper arm AVG?" In this example of a clinical situation, each vascular access type constitutes one scenario for a total of four scenarios with the same patient characteristics.
Classifying appropriateness. According to the RAM, scenarios were classified into three levels of appropriateness: (1) appropriate: panel median of 7 to 9 without disagreement; (2) indeterminate: panel median of 4 to 6 or any median with disagreement; and (3) inappropriate: panel median of 1 to 3 without disagreement. Only ratings from the second round were used in the final classification of appropriateness. First-round ratings were used only to inform the second round and were not used in the final classification of appropriateness. In the RAM, disagreement is a binary outcomed either there is disagreement or there is not. The presence of disagreement was determined using the Interpercentile Range Adjusted for Symmetry, as defined by the RAM. 8 The Interpercentile Range Adjusted for Symmetry is a mathematical function that takes into account the distribution of the individual panelists' scores to determine whether the amount of dispersion represents disagreement (Appendix 1, online only).
Statistical analysis. Univariate analysis was performed to determine the association of scenario characteristics with level of appropriateness. Multivariable analysis was not performed because of lack of uniformity in the characteristics specified across scenarios. Analysis was performed using SAS 9.4 software (SAS Institute, Cary, NC).
RESULTS
There were a total of 3816 scenarios. Panelists achieved agreement in 2964 (77.7%) scenarios; 860 (41%) AVF and 588 (34%) AVG scenarios were scored appropriate, 686 (33%) AVF and 480 (28%) AVG scenarios were scored inappropriate, and 542 (26%) AVF and 660 (38%) AVG scenarios were indeterminate (Appendix 2, online only).
How appropriate is it to perform each of the listed opera ons on a pa ent who is age <60, pre-dialysis and has a ≥2.5 mm cephalic vein throughout the upper extremity? Gender  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  e  l  a  M  .  i   9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  e  l  a  m  e  F  .  i  i   Diabetes  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  s  e  Y  .  i   9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3  2  1  9  8  7  6  5  4  3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 ii. dependent, lives at home 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 ii. dependent, lives in a facility 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 Fig. Example of a rating sheet. AV, Arteriovenous.
Overall, younger age, larger outflow vein diameter, normal or obese body mass index (vs morbidly obese), larger inflow artery diameter, and higher patient functional status were associated with appropriateness of AVF creation. Dialysis status, gender, diabetes, and coronary artery disease were not associated with appropriateness of AVF creation. Older age, dialysis dependence, and smaller vein size were associated with appropriateness of AVG creation. Gender, diabetes, coronary artery disease, body mass index, and functional status were not associated with graft appropriateness. Factors associated with a vascular access type's being appropriate varied by the vascular access type (Table III) .
Radial-cephalic fistula. Panelists were significantly less likely to find radial-cephalic fistula appropriate for elderly patients or patients who were dependent and living in a facility (Table IV) . Panelists did not find radial-cephalic fistulas appropriate in any patients with small cephalic vein or radial artery diameter <2 mm. There was no association between dialysis status, sex, diabetes, coronary artery disease, or body mass index and appropriateness of radial-cephalic fistulas.
Forearm basilic vein transposition. Panelists were less likely to find forearm basilic vein transposition appropriate in elderly patients (Table V) . Forearm basilic vein transposition was not found to be appropriate in any patients with small vein, in patients with arterial diameter <2 mm, or in patients who were dependent and living in a facility. There was no association between dialysis status, sex, diabetes, coronary artery disease, or body mass index and appropriateness of forearm basilic vein transposition.
Brachial-cephalic fistula. Panelists were less likely to find brachial-cephalic fistula appropriate in elderly patients, patients who were morbidly obese, patients who were dialysis dependent, and those who were dependent and living in a facility (Table VI) . Scenarios in which the patient was dialysis dependent and had a mediumdiameter vein were more likely to be rated indeterminate than scenarios in which the patient was predialysis with a medium-diameter vein. Brachial-cephalic fistulas were inappropriate in all patients with small vein. There was no association between sex, diabetes, or coronary artery disease and appropriateness of brachial-cephalic fistula.
Upper arm basilic vein transposition. Panelists were less likely to find upper arm basilic vein transposition appropriate in elderly patients, patients who were morbidly obese, and those who were dependent and living in a facility (Table VII) . Basilic vein transpositions were inappropriate in all patients with small vein. There was no association between dialysis status, sex, diabetes, or coronary artery disease and appropriateness of upper arm basilic vein transposition.
Brachial-brachial transposition. Brachial-brachial transposition was found to be inappropriate or indeterminate in all scenarios, with no scenarios rated appropriate (Table VIII) . Brachial-brachial transposition was more likely to be inappropriate (vs indeterminate) in the elderly patient and patients who were dependent and 
Body
No factors were associated with appropriateness of brachial-brachial transposition.
b
There was no association between sex and appropriateness of any vascular access type. c There was no association between diabetes and appropriateness of any vascular access type. living in a facility. Brachial-brachial transposition was inappropriate in all patients with small-or mediumdiameter vein and those who were morbidly obese.
Forearm loop graft. Panelists were more likely to find forearm loop graft appropriate in elderly patients and those who were dialysis dependent (Table IX) . Forearm loop graft was more likely to be inappropriate in patients with large veins. There was no association between sex, diabetes, coronary artery disease, body mass index, or functional status and appropriateness of forearm loop graft.
Upper arm graft. Upper arm graft was more likely to be appropriate in elderly patients, dialysis-dependent patients, and those with small veins (Table X) . There was no association between sex, diabetes, coronary artery disease, body mass index, or functional status and appropriateness of upper arm graft.
Clinical situations. A total of 864 clinical situations were created in which the patient's characteristics were held the same and the options for operation were varied to include both AVF and AVG. Of the 864 clinical situations, 216 (25%) were rated appropriate for AVG but inappropriate for AVF, 45 (5.2%) were rated appropriate for both AVG and AVF, and 95 (11%) were rated appropriate for AVG but indeterminate for AVF (Appendix 3, online only).
DISCUSSION
The growing debate regarding fistula vs graft for hemodialysis vascular access has manifested itself in the literature with such titles as "When should a patient receive an arteriovenous graft rather than a fistula?" 16 and "Comparison of arteriovenous fistulas and arteriovenous grafts in patients with favorable vascular anatomy and equivalent access to health care: is a reappraisal of the Fistula First initiative indicated?" 17 Formal debates have been published, most recently in the Journal of Vascular Surgery regarding "The optimal initial choice for permanent arteriovenous hemodialysis access." 18 Ultimately, both sides of the debate concluded that it is "imperative that each individual patient be critically analyzed before any vascular access procedure" and that "surgical vascular access planning and postoperative maintenance are tied to each individual patient's unique status and circumstance." A key point in both arguments was that dialysis access patients often have complicated medical and anatomic issues that must be addressed on an individual basis. A parallel debate was published in the Journal of the American Society of Nephrology, entitled "Resolved: fistulas are preferred to grafts as initial vascular access for dialysis: pro and con," with a similar conclusion, with both sides agreeing that critical areas in which to improve care are decreasing catheter placement and duration. 19, 20 Factors that may be associated with vascular access outcomes. Our results suggest that age, functional status, outflow vein diameter, inflow artery diameter (for forearm access), body mass index, and dialysis dependence were significant factors in the decision-making process regarding the appropriateness of type of vascular access creation. Factors that were not significant in any scenarios were gender, diabetes, and coronary artery disease. There is an increasing body of literature demonstrating inferior maturation rates and patency of AVF in the elderly compared with younger patients. 21, 22 These potentially worse outcomes have to be balanced with markedly reduced life expectancy among aging ESKD patients. 1, [23] [24] [25] In addition, age is a complex issue that is linked to many factors, including functional status. The presence of frailty is a marker for decreased survival, a factor that must be considered in determining the optimal vascular access for a patient. 23, 26 These considerations are reflected in the ratings of the panelists, with elderly, dependent functional status, and living in a facility resulting in significant proportions of inappropriate and indeterminate cases for all types of AVF studied. Numerous authors have demonstrated the association between larger outflow vein diameter and improved maturation and patency. 27, 28 However, the diameter cutoff used in the literature between fistula failure and success ranges anywhere from 1.6 to 4 mm.
29-31
Furthermore, during the discussion that occurred as part of the second round of rating, it was clear that the cutoff vein diameter varied widely among the surgeons in the room. This supported our decision not to use firm vein diameter cutoffs in the definitions of the scenarios. Nevertheless, the panelists' ratings are consistent with these findings, with larger veins being found to be more likely to be appropriate for fistula. Determination of a consensus vein cutoff diameter for success was outside the scope of this study but is another subject that could be addressed in the future using the RAND process. The artery diameter was defined in our scenarios for only forearm fistulas with a cutoff of 2 mm because of more agreement in the literature about the minimum required arterial inflow diameter. 31, 32 Again, the panelists' ratings were consistent with the findings in the literature. All types of fistula operations were more likely to be either inappropriate or indeterminate in patients who were morbidly obese. Obesity is often associated with the superficial veins being deep and requiring an additional procedure to superficialize the vein. Although more technically complex, these well-established operations are an important consideration that must be balanced with other patient factors and are reflected in the ratings of the panelists. Dialysis dependence was associated with increased likelihood of an AVG operation's being appropriate. In dialysis-dependent patients, the potential benefits of an AVF must be weighed against the potential complications associated with dialysis through a central venous catheter, including bacteremia and central vein stenosis. An AVG may allow a dialysis-dependent patient to have the catheter removed as soon as 48 hours after the operation, depending on the type of graft used. 33 Although not widely used yet, immediate cannulation grafts appear to have similar outcomes to other grafts and may play a significant role in the overall goal of catheter reduction in the future. Numerous studies evaluating gender, diabetes, and coronary artery disease have arrived at conflicting findings about their associations with vascular access maturation and patency. Some studies have suggested that female sex is associated with AVF nonmaturation and reduced patency, whereas others have shown no association. 29, [34] [35] [36] [37] Similarly, studies have demonstrated longer maturation times, increased risk of nonmaturation, and decreased patency in diabetics, whereas other studies have demonstrated no association. 26, [29] [30] [31] [36] [37] [38] [39] It is likely for this reason that there was no association between these factors and appropriateness ratings for any AVF or AVG procedure.
The strengths of the current study include the basis of independently and systematically searched evidence, the exhaustive consideration of numerous patient scenarios, the two-stage process to ascertain clarity in decision-making and rating by the vascular access experts, and the use of a previously validated tool to assess the appropriateness of various vascular access types and their respective creations. The major limitation is that we have not yet confirmed that adherence to the appropriateness ratings results in better outcomes of vascular access operations. Our next step will be to validate the results using retrospective and prospective studies. Another limitation of the current study is that it evaluated only upper extremity vascular accesses and did not assess the appropriateness of various vascular access types created or placed elsewhere in the body. Patients with challenging vascular access issues may be well served by vascular accesses created in alternative sites other than the upper extremity. Although we would have liked to have more international experts, particularly from Europe, because of limitations in funding, we were able to have only one expert from Canada and one expert from the United Kingdom. As such, the differences in practice patterns and preferences in non-U.S. countries were likely not adequately represented. There are a number of factors that were not included in the scenarios that may influence outcomes of vascular access because of a need to limit the scenarios to a reasonable number as well as factors, such as the physician's training and experience, that have little or no evidence in the literature but are suspected of having an association with outcomes. Finally, although it would have been ideal to include scenarios that were representative of all possible combinations of all factors, this would have created an excessive number of scenarios that would have made the study not feasible.
Future directions. Scenarios that were found to be indeterminate provide guidance for areas of dialysis access that require further investigation. The factors that were most associated with indeterminate scenarios were elderly age, dependent functional status living in a facility, and morbid obesity. These populations are certainly vulnerable populations in any disease process but perhaps particularly so in ESKD, given that life expectancy can be <5 years for these patients. 1 Quality of life, a factor that is often overlooked by physicians in planning the optimal vascular access for a patient, should ultimately be taken into consideration in balancing the risks of failed and multiple procedures against life expectancy. In 2014, the Centers for Medicare and Medicaid Services adopted a measure in their End-Stage Renal Disease Quality Incentive Program that imposes a financial penalty on dialysis centers with lower rates of patients undergoing dialysis with a fistula and those with higher rates of catheter use. 40 These penalties are not risk adjusted according to the patient's characteristics. Likewise, the Kidney Disease Outcome Quality Initiative guidelines on vascular access, which have not been revised since 2006, and the FFBI both call for creation of fistula over graft without consideration of individual patient factors. 5 There were numerous clinical situations in this study in which the panelists found AVG to be more appropriate than AVF or equally appropriate as well as situations wherein AVG was thought to be appropriate and AVF was indeterminate. Consequently, it is imperative that guidelines and policy be amended to encourage and allow a thoughtful ESKD life plan that takes into account the multitude of patient factors that must be considered in determining the optimal vascular access for an individual patient. 41 Using the results of this study, we are creating a mobile phone application and online application that allows users to input a patient's characteristics and generate our study ratings. The application will also include video content demonstrating various vascular access procedures and provide a forum for discussion of challenging vascular access cases. The application is currently being beta tested at various sites. An important next step is to apply the results of the study to patients to determine if patients who are treated in accordance with the panelists' ratings have better outcomes than patients who are not treated in accordance with the ratings. We plan to apply the study results retrospectively and prospectively to determine the influence of the vascular access outcomes.
CONCLUSIONS
This study combines literature and expert opinion to provide expert panel ratings for the most beneficial vascular access in a majority of hemodialysisdependent patients. The variation in results by patient characteristics underlines the importance of developing an individualized plan for optimal vascular access in each patient. This study indicates that vascular access selection should be dictated by patient-specific characteristics, including vascular anatomy, age, and functional status, rather than by a universal guideline such as Fistula First. The results of this study also identify factors that providers do not consider to be influential in deciding what the optimal vascular access is for a patient, including diabetes and coronary artery disease. Criteria that were associated with indeterminate appropriateness, including elderly age, poor functional status, and morbid obesity, should be the focus for future vascular access investigation. Finally, national and international guidelines and policy must be amended to reflect the factors that panelists determined to be influential in determining optimal vascular access type and a personalized approach to hemodialysis vascular access planning.
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